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Climate change communicationThis paper describes the history of national climate change projections for Australia since 1987, with a
focus on the series of statements in 1992, 1996, 2001, 2007 and 2015. These were prepared by CSIRO
up to 2001, and by CSIRO and the Bureau of Meteorology from 2007 onward. A range of scientific and
communication issues were addressed in preparing each statement, including decisions concerning cli-
mate model ensembles, emission scenarios, forming ranges of change, use of probability, use of expert
judgment, spatial resolution, presentation methods and representing uncertainties.
There are a number of perennial issues, trends and tensions, which may be of interest to future produc-
tion of regional projections for Australia and other regions. For example, managing and communicating
uncertainty in future climate due to differing emissions and model responses has been a perennial ele-
ment of the projections. There has been a trend towards wider scope in variables analysed, time periods
discussed and use of peer review, as well as greater content in the statements over time, partly reflecting
available modelling results and the increasing range, needs and sophistication of users. There are several
notable tensions in this work, reflected in some approaches being adopted and then dropped in subse-
quent statements. Examples include the choice of spatial resolution, the use of probability, model eval-
uation and expert judgement. These tensions reflect the difficulty in striking the right balance between
competing scientific considerations or between scientific credibility and saliency for users.
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Many aspects of our climate have changed over the last century,
human activities are contributing to some of these changes, and
further changes are expected in future. The scientific evidence
underpinning these findings across the globe has been
documented in peer-reviewed literature assessed by the Intergov-
ernmental Panel on Climate Change (IPCC) in Assessment Reports
published in 1990, 1995, 2001, 2007 and 2013 (IPCC 1990, 1995,
2001, 2007, 2013b). Many government agencies, businesses, non-
government organisations, communities and individuals want to
assess how climate change may impact society and the natural
world and to plan adaptations, so there is a high demand for regio-
nal climate change projections.
Some regionally-relevant projection information is available
from the international literature such as IPCC assessment reports.
For example, the Fourth Assessment Report in 2007 featured a
regional projections chapter (Christensen et al., 2007), and the Fifth
Assessment Report in 2013 featured an Atlas of projections as well
as a regional chapter (IPCC, 2013a). However these projections are
typically at a larger scale than is desired by users (e.g. the 2013
Atlas uses regions of northern Australia and southern Australia
plus New Zealand), and limited quantitative information is pro-
vided. This is adequate for awareness-raising in an international
context, but it is inadequate for regional and sectoral impact
assessment to inform decision-making. Therefore, there is a need
for regional projections information to be independently created
and published for individual countries. This has been done for a
number of countries including the UK (Murphy et al., 2009), the
Netherlands (KNMI, 2014), Switzerland (CH2011, 2011), Canada
(CCCSN, 2009), the USA (Mearns et al., 2012; NEX, 2015), Australia
(CSIRO and Bureau of Meteorology, 2015) and Vietnam (Katzfey
et al., 2014). We note that regional projections are often based
on high resolution regional modelling, but here we use the term
to include regionally focussed analysis of global climate model out-
put (as has usually been the approach used in the Australian work).
There is an opportunity to learn from the evolution of regional
projections. This has been done for UK projections published in
1991, 1996, 1998, and 2002 by Hulme and Dessai (2008). They
found that climate scenarios are a compromise between the needs
of policy, science and decision-makers, and proposed three key cri-
teria against which to evaluate their effectiveness, based on Cash
et al. (2003): saliency, credibility and legitimacy. Salience repre-
sents the relevance of the scenarios to the decision-makers, credi-
bility is about scientific and technical robustness, and legitimacy
relates to the transparency of the engagement, design, construction
and distribution process.
The UK projections saw various trends through the period of
1991–2009, including a move towards more complexity. Commu-
nication products and services grew in sophistication, especially
following the creation of the UK Climate Impacts Program (UKCIP)
in 1997, which facilitated interactions between experts from
science and policy. An analysis of the 2009 UK projections was per-
formed by Steynor et al. (2012). The two key lessons were (i) sce-
narios must be accompanied by ongoing guidance and support to
ensure widespread and appropriate uptake, and (ii) on-going dia-
logue between those providing scenarios and the communities
using them is needed to deliver credible scenarios that balance
user requirements and science credibility (Steynor et al., 2012).The UK experience resonates with the Australian experience.
This paper describes the development of Australian climate projec-
tions from 1987 to 2015. It documents the different products and
the changes in methods and scope. This will provide a resource
for those working on climate projections in Australia and in other
regional contexts. The focus here is on issues from a climate projec-
tion supplier’s perspective, and we present several recurring
motifs, classified as perennial issues, trends and tensions. Further
research will consider the Australian projections in their institu-
tional, policy and user community context, the effectiveness of
stakeholder engagement and support, the uptake of products and
services, and an assessment of the strengths, weaknesses and les-
sons learned. Note that the paper does not address evolution of
the quantitative content of the projections (e.g. projected warming
and percentage rainfall change), because for a region as large and
climatically diverse as Australia, that would require a detailed
treatment that is beyond the scope of this paper.
Section 2 provides a chronology of the projections and their
context. Section 3 comprises the main body of the paper and covers
the methods and scientific basis of the projections, issue by issue,
as well as covering some broader considerations such as interna-
tional linkages and dealing with uncertainty. The key findings are
synthesised in the Concluding Discussion (Section 4).2. Chronology of projections
Australian climate change projections were published by CSIRO
in 1987, 1990, 1991, 1992, 1996 and 2001, and by CSIRO and the
Australian Bureau of Meteorology in 2007 and 2015 (CSIRO,
1992, 1996, 2001; CSIRO and Bureau of Meteorology, 2007,
2015). The projections from 1992 onward were closely tied to IPCC
reports (Section 3.14) and may be recognised as official national
climate projections, being the only national projections funded
by Federal Government, and were the projections cited in docu-
ments from government and related agencies, including the
national State of the Environment reports, government planning
and policy documents, State of the Climate reports, Australian
Academy of Science reports, and the UNFCCC National Communi-
cations. From 2001, Federal Government departments also pro-
vided a review. They were free, supported by technical reports
and journal papers, and covered a range of climate variables, time
horizons and emission scenarios. Although supported by journal
articles and technical reports, much of our focus here is on the pri-
mary communication publications aimed at a wide audience (cita-
tions above), which we will refer to as projection ‘statements’.
The first Australian projections were developed for a series of
impact assessments released at the national Greenhouse 87 confer-
ence (Pearman, 1988) and were supported by a book chapter
(Pittock, 1988). In the years immediately following this conference,
a new Commonwealth Government-funded research programme
which addressed a broad range of climate change issues was
established (Australian Greenhouse Science Program, later known
as the Climate Change Research Program). Additionally, a number
of Australian State and Territory governments began funding
CSIRO for regional climate projections and related assessments,
beginning with the Victorian government (Pittock and Hennessy,
1989). With this support, updates to the 1987 national projections
were published by CSIRO in 1990 and 1991 (as part of reports to
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and Whetton, 1990; Whetton et al., 1992).
The first stand-alone national projections statement was
released by CSIRO in 1992, followed by updates in 1996 and
2001. These statements were complementary to a series of projec-
tions prepared individually for States and Territories (Suppiah et al.,
1992, 1998; Whetton et al., 1992, 1994a; Whetton, 1995; Walsh
et al., 2000, 2002; McInnes et al., 2002; Hennessy et al., 2004).
The drivers for Australian projections can be framed in terms of
supply and demand (Hulme and Dessai, 2008; Gawith et al., 2009;
Steynor et al., 2012). The supply (science-push) was greater than
the demand (client-pull) in the 1980s, 1990s and early 2000s.
However, by the mid-2000 s client pull was growing much
stronger. In 2006, the Australian Greenhouse Office commissioned
a guide for climate change impact and risk management
(AGO, 2006), which included climate scenarios for ten regions
(Hennessy et al., 2006). This generated renewed interest in regional
projections, especially in the impact assessment community. Also
in 2005 and 2006, CSIRO undertook user surveys and focus groups
to elicit feedback on previous climate projections and allow stake-
holder input to the design and the scope of projections planned for
release in 2007 commissioned by the Federal Government.
The 2007 projections statement (CSIRO and Bureau of
Meteorology, 2007) comprised a much more extensive range of
information than before. It also led to a high demand for climate
projection products tailored for use in impact assessments. In
particular, there was demand for application-ready data (i.e. ‘syn-
thetic’ future climate information that is calculated by applying
projected change values to observed climate data). For the 2007
release, data were not directly provided via a web portal but were
provided by a Projections Liaison Officer as required. This demand
was then also partially met through a PC-based, and later online,
tool called ‘OzClim’ that allowed users to create maps of tempera-
ture and rainfall change for user-selected time horizons, emission
scenarios, climate sensitivity (the magnitude of the response of
the climate system to a given greenhouse forcing) and averaging
periods and apply those changes to observed data, then download
the relevant data on a 25 km grid (Page and Jones, 2001; Ricketts
and Page, 2007). A climate projections liaison service (or Help
Desk) was also initiated in 2008 to deliver tailored projections
information, advice and data. Until the 2015 projections release,
the delivery of climate projection datasets designed for technical
application was separated from the delivery of national projections
statements considered here.
In the years leading to the2015projections release, twophases of
user consultation took place. In 2011, CSIRO ran stakeholder work-
shops in seven capital cities, each involving about 50 people, to seek
feedback on the utility of the projections published in 2007. From
2012 to 2014, CSIRO collaborated with the Australian Bureau of
Meteorology to undertake a range of stakeholder engagement activ-
ities leading to a new projections statement. The consultation was
primarily with the natural resource management (NRM) sector,
reflecting the Australian Government’s funding of new projections
to assist the sector plan for future climate change. These interactions
facilitated a shared understanding amongst scientists and stake-
holders about what was needed and what could be delivered with
the available resources while maintaining scientific rigour.
Projectionspublished in2015 (CSIROandBureauofMeteorology,
2015) were more comprehensive than any of the previous products
in terms of scientific content, data delivery and user interface.
Through a website1, users can access a wide range of brochures,
reports, guidance material, tools and data. Support services include
stand-alone presentations, workshops, training and a Help Desk.1 www.climatechangeinaustralia.gov.au.Through the generations of projections, there has been a trend
towards a wider scope with each national projections statement,
both in terms of products and scientific content. This has at least
partly been a response to the demand for more diverse and more
detailed information, increased funding, and a greater resource of
climate modelling results being available. Over time, information
was provided for more future periods, more variables, and more
regions, with increased information on the global context, confi-
dence and uncertainty, and guidance on how to use the projec-
tions. In the 1990s, quantitative regionally-specific projection
information was provided only for mean temperature and rainfall
change. By 2015, projections were provided for 21 atmospheric
and oceanic variables, including regional sea level, humidity, wind
speed, solar radiation and soil moisture, and aspects of extremes,
such as hot/cold days, drought, extreme rainfall, fire-weather,
cyclones, extreme wind speed, and extreme sea level.
There has been a strong growth in the size of published mate-
rial. The statements in the 1990s consisted of a 4–8 page brochure.
In 2001, there were 2-page and 8-page brochures on projections,
accompanied by 2-page and 8-page brochures on impacts. In
2007, a 148-page technical report, 8-page brochure, poster and
website with basic functions were released. In 2015, the range of
products included a 216-page technical report, eight regional
reports (50–62 pages each), eight regional brochures (8 pages
each), a Data Delivery brochure (16 pages), a Selected Cities bro-
chure (20 pages), five animations and a website with advanced
functions such as a decision-tree, guidance material and 13 tools
for data exploration, visualisation and download.3. Addressing the key issues in regional projections production
In this section we go through a series of considerations that
arise in development of regional projections and compare how
they were dealt with, noting perennial issues, trends and tensions.
This section is primarily about climate model output processing
methods and related technical considerations (e.g., climate model
evaluation and pattern scaling), although broader issues are
addressed (e.g. representation of uncertainty and links to IPCC)
as are some considerations strongly affected by users’ interests
(e.g. methods of presentation).3.1. Uncertainty and its representation in regional projections
The state of the climate system over the 21st century, at global
and regional scales, involves uncertainty from several sources.
Strategies to frame, represent and communicate this uncertainty
are a central challenge of climate projections.
Climate projections can never be expressed as probabilities that
include all the relevant aspects of uncertainty. But there is a great
desire for information about the future, so climate projections pro-
vide useful input into future planning within a sea of uncertainty.
Ideally, knowledge about uncertainty in climate projections should
mesh with the uncertainty framework of the intended application,
so that rational decisions can be made. As a part of this, the quan-
tification and communication of the relative sizes of uncertainty
from different sources is very useful. However, the handling of
uncertainty depends to some extent on the tools to hand.
From 1987 to 1991, CSIRO projections primarily used expert
judgment to produce future scenarios of change. This was mainly
due to lack of available tools such as climate model outputs. All
CSIRO products since 1992 have used models as a central tool in
representing uncertainty. Disclaimers have highlighted that pro-
jections are not forecasts, including a directive in 1992 only to
use the information for sensitivity studies. Since 2001 there was
an effort to describe various sources of uncertainty more explicitly
Table 1
Model simulations used in the CSIRO national projections statements. Full details of
the much larger number of simulations used in 2007 and 2015 can be found in the
indicated references.
Projections
release
Model
name
Emission
scenario
Reference
1992 CCC 2CO2 McFarlane et al. (1992)
CSIRO9 2CO2 Watterson et al. (1995)
BMRC 2CO2 Colman et al. (1994)
GFDLH 2CO2 See IPCC (1990)
UKMOH 2CO2 Gregory and Mitchell (1995)
1996* CSIRO 1% pa Gordon and O’Farrell (1997)
GFDL 1% pa Manabe et al., (1991)
MPIL 1% pa Cubasch et al. (1992)
MPIO 1% pa Lunkeit et al. (1996)
UKMO 1% pa Murphy (1995)
2001 CGCM1 1% pa Boer et al. (2000a,b)
Cubasch et al. (1992, 1994)
ECHAM3/
LSG
IS92a Haywood et al. (1997)
GFDL r15a 1% pa Mitchell et al. (1995, 1997)
HADCM2 1% pa Gregory and Lowe (2000)
Roeckner et al. (1999)
HADCM3 IS92a Washington et al. (2000)
ECHAM4/
OPYC
IS92a McGregor (1997)
NCAR-
PCM
IS92a Gordon and O’Farrell (1997)
CSIRO
DARLAM
IS92a
CSIRO
Mk2
IS92a, SRES
A2, B2
2007 CMIP3 SRES See CSIRO and Bureau of
Meteorology (2007)
2015 CMIP5 RCPs See CSIRO and Bureau of
Meteorology (2015)
* The 2CO2 simulations used in 1992 were also used in 1996 for precipitation.
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tions can be placed in three broad categories: future emissions,
the climate response to those emissions, and natural variability
in the climate system, each of which is considered in further detail
below.
CSIRO’s climate change statements moved from characterising
themselves as ‘projections’ rather than ‘scenarios’ in 2001. This
was primarily done to better align with the developing IPCC termi-
nology (IPCC, 2001) where a ‘projection’ describes the change to
(regional) climate that is simulated (output) on the basis of a par-
ticular set of input conditions (a given emissions scenario, and cli-
mate model). A range of projections arise when multiple emission
scenarios and/or models are used. A climate change ‘scenario’ or
set of ‘scenarios’ is a physically consistent, complete description
of a plausible future climate (or climates) which is developed as
the input to an impact assessment. Scenarios often need to be
tailored for specific applications. Although the 1992 and 1996
Australian products might be better described now as ‘projections’
rather than ‘scenarios’, the change in terminology also reflected
that fact that the statements had been evolving towards more
comprehensive representation of uncertainty.
3.2. Using climate models to assess the potential climate response
The climate system responds to internal and external forcing
(e.g. the El Niño Southern Oscillation, volcanic eruptions, changes
in insolation, increases in greenhouse gases), and this is the pri-
mary thing we want to represent in climate projections. However,
we have an incomplete understanding of the climate response to
each forcing, particularly for forcing conditions without precedent
in the instrumental record. There are some challenging aspects of
the climate response to account for, including slowing of the ocean
overturning circulation, loss of polar ice sheets, cloud feedback,
and carbon cycle feedbacks. These non-linear and sometimes sen-
sitive processes have a large impact on the climate response. Some
of the response can be described under the concept of global equi-
librium climate sensitivity, summarised as the equilibrium response
in global mean surface temperature to a doubling of carbon dioxide
concentration (estimated by the IPCC as likely to be 1.5 to 4.5 C).
The plausible range of climate response to forcing is best
addressed by using climate model outputs. The range of results
given by acceptable models for a defined emissions scenario can
be used as an indication of the range of predicted climate response.
However, there is the deeper issue of the validity of a model range
in representing the true uncertainty, as a model ensemble is not a
complete or systematic sampling of the climate response. In all the
Australian projections from 1992 onwards, a range of models was
considered, with both slab ocean models and coupled ocean-
atmosphere global climate models (AOGCMs) in 1996, then the
coupled model inter-comparison project (CMIP) ensembles in
2007 and 2015 (Meehl et al., 2007a; Taylor et al., 2012). The valid-
ity of this model range as a measure of the real uncertainty is an
even more fundamental and perennial issue, and is difficult to
answer. Some insights can be found through various approaches
to using a group of models to form an ensemble (see below).
3.3. Climate model ensemble formation
A group of models is termed an ensemble, and the choice of an
ensemble of models to use in regional projection development is
an important first step of that process. All available models may
be considered, or models may be rejected or weighted based on
their performance or independence (see ‘Model Evaluation’ below).
Ideally the ensemble should include results from a sufficient
number of different models so that it will give some measure of
the range in climate response to forcing. The choices regardingproducing a climate model ensemble are a perennial issue in pro-
jections. However, there has been a trend towards more models
but less independence between models (Knutti et al., 2013),
increasing the complexity of some of the choices involved.
The use of multiple models to represent uncertainty has a long
history and is common in regional projections (Kellogg and Zhao,
1988; Grotch and MacCracken, 1991). From 1992 onwards, the
quantitative component of the Australian projections statements
was calculated from the results of an ensemble of climate model
simulations. However, it has not been universal in regional projec-
tionwork. Two generations of the UK national projections (UKCIP98
and UKCIP02) were based on the results of a single global climate
model (GCM) (see discussion (Hulme and Dessai, 2008)). The much
larger number of model experiments available in the past decade
(e.g. 23 in the CMIP3 archive and over 40 in CMIP5) led to expanded
interest internationally in multi-model techniques for global and
regional projections (e.g. Tebaldi and Knutti, 2007; Moise and
Hudson, 2008) and allowed a probabilistic approach to be devel-
oped and applied by CSIRO and Bureau of Meteorology (2007).
The CSIRO (1992) projections provided ranges of change based
on the results of five slab ocean model experiments available from
the major international modelling centres (see Table 1 and
Whetton et al. (1996) for model details). In line with international
modelling developments, the CSIRO (1996) projections included a
range of early generation coupled AOGCMs, as well as including
the earlier slab ocean ensemble for rainfall change (as these gave
different, and arguably still plausible, results (see Whetton et al.,
1996)). The projections of CSIRO (2001) used a set of eight AOGCMs
available from the international modelling centres at that time, but
also included a simulation with CSIRO’s Division of Atmospheric
Research Limited Area Model (DARLAM), nested in the CSIRO
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ble is not the approach used subsequently for factoring down-
scaled results into the projections – see further discussion below.
A ninth AOGCM, the Center for Climate System Research (CCSR)
model of Nozawa et al. (2001), was considered for the ensemble
but rejected on the basis of its current climate performance in
the Australian region. Australian projections released in 2007 and
2015 used the CMIP3 and CMIP5 ensembles respectively (with
model weighting – see below). The data for these ensembles were
either obtained directly from the modelling groups concerned, or
through model archives at the IPCC Data Distribution Centre or
the Program for Climate Model Diagnosis and Inter-comparison
(PCMDI). For further information on the model ensemble used in
each projection, see Table 1.
The CSIRO approach has been to use a multi-model ensemble
(MME), which may be contrasted with the perturbed physics
ensembles (PPE) such as the one used in the UKCP09 national pro-
jections for the UK (Murphy et al., 2009). It is not clear which of
these two approaches better samples uncertainty in projections.
MMEs probably contain greater model diversity (structural differ-
ences between models is accounted for), but are ‘‘ensembles of
opportunity” and do not systematically explore parameter uncer-
tainty space or allow for dependency between models.
Finally it should be noted that some approaches to regional pro-
jections (including the CSIRO products up until the 2001 release)
separately manage uncertainty in equilibrium global climate sensi-
tivity, which is roughly the change in global mean surface air tem-
perature at equilibrium to a doubling of the CO2 concentration in
the atmosphere. Between the early CSIRO projections and the
products in 2007 and 2015 there has been a trend towards showing
the sensitivity implicitly through the range of models.
3.4. Emission scenarios
Future anthropogenic emissions of greenhouse gases and aero-
sols, and their atmospheric concentrations, are typically handled
using an emissions scenario approach. Emissions scenarios are a
discrete set of plausible pathways that cover a range of future con-
ditions based on various assumptions about the main demo-
graphic, economic and technological driving forces of greenhouse
gas and aerosol emissions. These scenarios represent uncertainty
in projecting future levels of greenhouse gas forcing of the climate
system. In 1990, a single ‘business as usual’ scenario was produced
(SA90) in connection with the first IPCC assessment report (IPCC,
1990). Since then, emissions scenarios have become more sophis-
ticated, with some standardised sets of emission scenarios emerg-
ing, including IS92 (IPCC, 1992), the special report on emission
scenarios (SRES) of Nakicenovic et al. (2000) and the representative
concentration pathways (RCPs) of van Vuuren et al. (2011). The
effect of volcanic eruptions and variations in solar insolation can
only be considered using a stochastic approach and are often not
included in climate projections.
CSIRO’s regional projections were based on emission scenarios
which had currency at the time of each release. For the 1992 and
1996 statements, thiswas IS92,while the2001 and2007projections
adopted the SRES scenarios, and the 2015 projections used the RCPs.
Pattern scaling is the estimation of spatial features of externally
forced change standardised by global average warming, allowing
the scaling of results to different amounts of warming. A pattern
scaling approach was used in the 1992, 1996 and 2001 projections
(see further discussion below), which employed projections of glo-
bal warming from the relevant IPCC assessment report to scale
regional patterns of change per degree of global warming obtained
from the GCM ensemble. This meant that the primary way in
which emission scenarios were reflected in the regional projections
was via the global warming projections. A benefit of this approachis that simulations which used earlier emission scenarios (or a lim-
ited selection of the current emission scenarios) could still be used
to make regional projections based on the current emission scenar-
ios. Specifically, the 1992 statement used 2xCO2 equilibrium regio-
nal GCM results, and the 1996 statement used both 2xCO2
equilibrium slab ocean GCM results and 1% per annum increasing
CO2 AOGCM results, rescaled to IS92-based global warming projec-
tions. The approach was similar in 2001, but the very late availabil-
ity of SRES-based AOGCM runs meant that the ensemble used a
mix of 1% per annum, IS92a and SRES A2 and B2 simulations
(although all included, for the first time, realistic forcing in the his-
torical period).
For both the 2007 and 2015 products, global warming and
regional climate projections were generated from the same ensem-
ble (CMIP3 and CMIP5 respectively) and thus directly related to the
emission scenarios employed (SRES and RCPs respectively).
At the time of the 2001 projections there was available, for the
first time, an ensemble of runs both with and without aerosol forc-
ing. However, a decision was made to use the GCM runs without
aerosol forcing (i.e. greenhouse gases only). The rationale for this
was based on the fact that even though SRES scenarios had become
available and were being used by the IPCC, most of the simulations
available to the project were IS92-based. The very large projected
increase in aerosol forcing contained in the IS92 scenarios had sub-
sequently been considered unrealistic and was not a component of
SRES scenarios, and thus greenhouse gas only IS92 runs were con-
sidered to provide more realistic and more relevant results. Global
warming projections used in the 2001 statement still included an
(SRES-based) estimate of aerosol effects.
Through the history of Australian projections, there has been a
trend towards a more explicit depiction of emissions uncertainty.
In the 1992 through to 2001 projections, the uncertainty from
emissions was well represented but not quantified and clearly dis-
tinguished from other sources of uncertainty. Complete ranges of
change incorporating all emission scenarios were reported in
1992 and 2001. In 1996 the emissions and climate sensitivity were
combined to produce a single scale of low, medium and high cli-
mate response. Model ranges for each emission scenario were
given in 2007 and 2015.
The trend towards explicitly representing emissions has had
several drivers. The explicit representation of emissions uncer-
tainty is essential for using projections to motivate mitigation pol-
icy. Representing emissions uncertainty can also be useful for
impact and adaptation research too, for example a study may wish
to use a precautionary approach and focus on the highest emis-
sions scenario in particular. Some impact and adaptation studies
find planning for several scenarios more challenging than for a sin-
gle scenario and can express a desire to remove this extra dimen-
sion of uncertainty. This meant that through the first few
Australian projections statements there was some deliberation of
whether to combine the emissions and climate response uncer-
tainties to a single range, or to keep them separate. However, since
then there has been a trend towards explicitly representing emis-
sions in Australian projections, and assisting users of projections to
either account for all scenarios or select a sub-set that is appropri-
ate for the context of their study and risk management strategy.
Advice is sometimes also sought about of the likelihood about sce-
narios, including the probability of the lowest and highest scenar-
ios occurring, and this can be a communication challenge.
One perennial challenge is that there are a different number of
simulations available for each emissions scenario. For example,
fewer models were available for RCP6.0 than for RCP8.5 and
RCP4.5 in the 2015 projections, and this means the uncertainty
appeared lower for RCP6 in some results. This is a problem that
has never been resolved, but was partly avoided in the 2007 pro-
jections outputs that used pattern scaling.
6 P.H. Whetton et al. / Climate Services 2–3 (2016) 1–143.5. Model evaluation
The concept of testing a model’s performance against current
climate is a key component of multi-model, or single model, pro-
jection techniques. The assumption here is that it is necessary
(but not sufficient due to the potential for compensating errors
in models – Tebaldi and Knutti (2007)) for a model to be able to
simulate current climate adequately if some reliability is going to
be placed on its future projections. Alternatively, knowledge of
current climate performance is an important component of assign-
ing confidence to projections.
Current climate testing has been an element of global projection
work (e.g. Murphy et al., 2004) and various regional projection
methods (e.g. Giorgi and Mearns, 2002) including CSIRO projection
work back to the earliest studies. It is also applied in impact appli-
cations of GCM projections (Chiew et al., 2009). It lies behind the
Reliability Ensemble Averaging (REA) method for regional projec-
tions (Giorgi and Mearns, 2002; Tebaldi et al., 2005; Moise and
Hudson, 2008). Approaches to climate model evaluation vary
widely in the choice of variables, spatial and temporal scales,
whether variability and trends are considered as well as climatic
means, and the focus that is given to regional climate processes,
as opposed to the variables of interest to applications.
Given the wide application of model evaluation in regional pro-
jection work, evidence that it is effective in assessing reliability of
projections is mixed. Studies examining the relationship between
current climate realism and the enhanced greenhouse response
have found no (e.g. Jun et al., 2008) or weak relationships
(Whetton et al., 2007; Perkins et al., 2009; Knutti et al., 2010).
From the beginning of the Australian projection work, the sim-
ulations were assessed by comparing the current climate simula-
tion against observations as a routine step. The application of
model evaluation in the earlier CSIRO projections is described in
detail in Whetton et al. (1994b, 1996, 2006) and in Watterson
(2008) for the 2007 projections. The approach used in the 2015
projections was more extensive in the range of variables and pro-
cesses considered (CSIRO and Bureau of Meteorology, 2015). Eval-
uation of the mean climate and circulation features (Moise et al.,
2015), as well as recent trends (Bhend and Whetton, 2015) were
used to inform confidence in projections.3.6. Selection/rejection and weighting of models
Assuming that models have been assessed on basis of their sim-
ilarity to current climate, there are a number of options for how to
use that information while developing regional projections.
One approach is to include as many models as possible and
reject only the ‘worst’ models. For example, models may be
excluded on the basis of failure to meet some minimum standards,
or on the basis that they are a consistent low performer on a range
of studies in the literature (e.g. Lal et al., 1998; Stainforth et al.,
2007; Suppiah et al., 2007). This may be followed by further selec-
tion of models by independence and representativeness for the
question at hand (e.g. Evans et al., 2013). Another approach is to
select a small set of ‘best performing’ models to develop projec-
tions, perhaps the above average performing models (e.g. Perkins
et al., 2009; Smith and Chandler, 2010). Both approaches have
the drawback of the arbitrary nature of where the line is drawn
between good and bad models. Another alternative to ‘selection/r
ejection’ is to simply use all models in the ensemble under consid-
eration. In the case of CMIP3 and CMIP5, assuming that the
requirements needed to be accepted into the archive (e.g. suitable
documentation) are likely to be correlated with general model
performance then these models are of a sufficient ‘minimum stan-
dard’ to be considered.Another alternative to rejection/selection is weighting. This has
been mostly used in forming probability density functions (PDFs)
of future regional change (e.g. Watterson, 2008), or in forming an
ensemble average (Giorgi and Mearns, 2003). Weighting avoids
the arbitrary line that is drawn in the selection/rejection approach,
but presents the issue of how to translate the model performance
metrics into a weighting. Some approaches lead to a very strong
weighting function, where better performing models have weight-
ings many times those of poor performing models (e.g. Tebaldi
et al., 2005), whereas other approaches have adopted a gentler
graduation (e.g. Watterson, 2008). See Christensen et al. (2010)
for comparison of weighting methods in the context of European
projections.
Australian projections have always rejected poor models, and
there has never been an attempt to use only a subset of the best
models. Model evaluation led to the rejection of three models in
1992 and the decision to use both slab and coupled models in
1996. For CSIRO’s 2001 projections, a model was rejected that
failed to simulate the trade wind circulation on the Australian east
coast (see Whetton et al., 2006). All models were used in 2007, and
evaluation was used to flag a group of poorer performing models in
2015. Flagged models were used in the ensemble projections (as it
was found that excluding them did not significantly change the
projections – see chapter 6 in CSIRO and BoM 2015), but were
not recommended where individual models were selected for use
in detailed impact assessment. In the 2015 projections, results of
model evaluation were also explicitly considered in assigning con-
fidence ratings to specific projected changes.
Model weighting was not used, except in 2007 where individual
model weighting was applied to CMIP3 based on model evaluation.
The sensitivity of the projections to various weighting schemes
was assessed in 2015 (CSIRO and Bureau of Meteorology, 2015),
but little impact was found so simple equal weighting was used.
Projections used the first simulation (run 1) of each model in the
ensemble in all projections up to 2007. In 2015 the projections
used each available run with equal weighting (the weighting of
each run the inverse of the number of runs from the model).
On the whole, the use of model evaluation information to filter
projections remains an area of tension between seemingly making
insufficient use of the detailed model performance information and
excluding plausible simulated future climates.
3.7. Pattern scaling
In all of the Australian projections up to and including the 2007
statement, pattern scaling was used to extract the projected
changes from each of the model runs, in terms of a pattern of
change per degree of global warming. In the 1992 and 1996 state-
ments, this was calculated using the simulated difference between
the control and the enhanced greenhouse conditions (1CO2 v
2CO2 in slab ocean GCMs, or early and late thirty year periods
in the AOGCMs). In the 2001 and 2007 statements, the regional
response was obtained from linearly regressing the local model
response against its simulated global temperature, with this
approach having the advantage of using all of the available data
and reducing the effect of decadal variability on the signal
extracted. The pattern of local change was then scaled by values
of global warming. In the 1992, 1996 and 2001 products, the pro-
jected values of global warming were those provided in the corre-
sponding IPCC report, whereas for the 2007 projections a global
warming PDF was calculated from the model ensemble but also
to be consistent with the IPCC range.
Pattern scaling, particularly in the earlier years when there
were fewer simulations available, had the strong advantage that
projected changes for emission scenarios not used by a particular
model could be still be estimated by rescaling those obtained
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for mean temperature change, and for rainfall change with more
exceptions (Mitchell, 2003; Tebaldi and Arblaster, 2014), but suit-
ability for other variables is uncertain. For simplicity (including in
communication), and because of the sampling of emission scenario
uncertainty in the CMIP5 ensemble was much improved, direct
model output, rather than pattern scaling, was used in the 2015
product. An inter-comparison of 2007 and 2015 projections using
the same pattern-scaling method was included in the appendix
of the 2015 projections for context.
3.8. Choice of baseline
Projected changes need to be referenced to a baseline period.
For the projection products from 1992 through to 2007, the base-
line was the simulated climate of 1990 (e.g. 1980–1999), and for
2015 projections, it was the simulated climate centred on 1995.
This aligned with IPCC baselines.
Using a model-based climate as the reference for determining
the model projected changes is essential, however this presents
communication challenges. Users of the projections naturally wish
to view the baseline climate used in projections as that which was
observed. However, the observed climate will be a function of
forced climate change to that point but also by phases of natural
climate variability (see next section). Particularly rare conditions
in an observed baseline period, such as the Millennium Drought,
may influence the perceived accuracy of projections. Watterson
and Whetton (2013) developed a way of presenting regional pro-
jections in a time series extending from the observed climate,
and a related approach was used to illustrate the evolving climate
in the 2015 projections. This highlights for users the potential for
differences between model and observed baseline climate, but
the baseline issue remains a perennial communication and techni-
cal challenge.
3.9. Natural variability
As mentioned in Section 3.1, uncertainty generally stems from
the range of future emissions, the climate response to those emis-
sions, and natural variability. Natural variability can be substantial,
and over the next few decades, in some regions natural variability
may be larger than the climate change signal for some variables
such as rainfall. Also the natural variability affecting any particular
baseline that is chosen can affect the perception of climate projec-
tions in relation to observations (see previous section).
Quantifying natural variability provides an important context
when interpreting climate projections (e.g. whether projected
changes are significant compared to natural variability). Climate
projections don’t always account for natural variability in their
ranges of change. For example, communicating only the multi-
model mean not only gives the average of climate response from
different climate models but also averages out different phases of
natural variability. Often, the forced response and natural variabil-
ity aremixed together in a climate projection, such as when a single
model simulation of the future is used in an application.
Alternatively, natural variability can be explicitly quantified and
communicated by examining the range between multiple simula-
tions from a givenmodel (e.g. Deser et al., 2014) or similarmethods.
In all Australian projections up to 2007, the intention was to pre-
sent the climate change signal and there was no explicit represen-
tation of the range of natural variability. In 2007, pattern scaling
was used that largely removes natural variability and represents
only the change signal, however possible changes due to natural
variability were discussed, and described in more detail in a
follow-up paper (Watterson and Whetton, 2011). In the 2015 pro-
jections, there was a more thorough analysis and representationof natural variability uncertainty, and for the first time the ranges
of change included uncertainty due to natural variability (as simu-
lated by multiple simulations of all models that provided them)
averaged over 20-year intervals. This was communicated directly
in the text, plots and tables, and used to calculate whether pro-
jected changes were ‘substantial’ compared to natural variability
(see pale versus dark colours on bars in Fig. 4). However, a relevant
and ongoing issue here is the presence of shortcomings in model
simulations of natural variability modes (see Chapter 5 in CSIRO
and BoM (2015)). Whether to and how to present the effect of nat-
ural variability in climate projections is a perennial issue.3.10. Forming ranges of change
Ranges of change (e.g. 10–30% more rainfall, etc.) have been
used in all of CSIRO’s projections statements. This is typically
formed using a specified percentile range or maximum and mini-
mum value from the model ensemble, and can be reported as in
absolute or proportional (%) terms. This range quantifies uncer-
tainty, particularly that due to inter-model differences, and has
been a perennial feature (e.g. see Figs. 1–4). In each case, continu-
ous distributions were formed for each variable of interest (condi-
tional on year and emission scenario) by using the output from the
models. In the 1992 and 1996 statements, the range was formed by
the end points of the empirical model distribution (i.e. the lowest
and highest model values). In the 2001 statement, with greater
number of models available (nine rather than five), it was decided
to adopt an approach that lessened the effect of outliers. The range
was defined by the second highest and second lowest model result.
Such an approach was formalised into using the 10th and 90th per-
centile in later projections (see below) and was aimed at reducing
the impact of ensemble size on the projected ranges. Any climate
change value within the range so defined was viewed as equally
likely. A key assumption is that simulated changes lying between
the results of models are as plausible as the actual model results.
Ranges so formed can also be used in impact assessment (e.g.
Hennessy et al., 2008), although this involves assuming the ranges
for multiple variables are independent.
With the increase in the number of model runs available
(particularly from CMIP3 onwards), international efforts began to
attempt to define the range of projected future climate change as
a probability distribution (Dessai et al., 2005; Tebaldi et al.,
2005; Tebaldi and Knutti, 2007; Moise and Hudson, 2008;
Watterson, 2008; Harris et al., 2013). Compared to simple ranges,
PDFs provide a precise presentation of the spread of model results
in a form suitable for a range of applications. Probabilistic projec-
tions can have particular application in some impact assessments
when a risk of a climate change sufficient to exceed a particular
impact threshold is required. A probabilistic approach was used
in the CSIRO projections in 2007. As pattern scaling (see above)
was applied in this product, separate PDFs were developed for glo-
bal warming and regional response, and a beta distribution was fit-
ted to the model results (see Watterson, 2008). The 10th and 90th
percentiles of the distribution were used for defining the model
range. Use of probabilities allowed the risk of climate threshold
exceedance to be illustrated in the brochure released in 2007
(Fig. 3).
In the 2015 statement, the ranges of change were based on the
10th and 90th percentiles of a simple empirical distribution, but
probabilistic projections were given less emphasis than in the
2007 product. This reflected a concern that the literal interpreta-
tion of a probabilistic representation of model results was poten-
tially misleading because of uncertainty not well captured in the
model ensemble. How best to use probabilistic projection informa-
tion is an emerging tension.
Fig. 1. Presentation of projected rainfall changes used in CSIRO (1992).
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Fig. 2. Presentation of projected rainfall changes used in CSIRO (2001). Plotted are ranges of average seasonal and annual rainfall change (%) for around 2030 and 2070
relative to 1990. The coloured bars show ranges of change for areas with corresponding colours in the maps. Ranges are not given for areas with seasonally low rainfall.
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In the past 20 years, dynamic and statistical downscaling of cli-
mate projections has emerged as a means to bridge the gap in spa-
tial resolution between GCMs (typically 100–300 km) and the local
scale at which climate data are needed for impact assessment.
While downscaling offers potential added value, its use introduces
new issues and challenges as well as new uncertainties (Ekström
et al., 2015).
Similar to GCMs, different downscaling methods can give
different results. Due to the computer-intensive nature of dynamic
downscaling, it is often only possible to use a subset of GCMs indownscaling, so the criteria for selecting the subset are important.
Various studies have used a GCM-downscaling ‘matrix’ to sample
uncertainties from each, including work for Europe in the ENSEM-
BLES project (Van der Linden et al., 2009; Kendon et al., 2010), and
the Coordinated Regional Downscaling Experiment (CORDEX) pro-
gramme (Giorgi et al., 2009). Additionally, the North American
Regional Climate Change Adaptation Program (Mearns et al., 2012)
used such amatrix and employed a systematic experimental design.
A consistent GCM-downscaling structure like this is not yet
available for Australia, so has never formed the primary basis of
projection products. Australian projections have always used
downscaling as a complementary source of information to an
Fig. 3. Example of the presentation of rainfall projections from the CSIRO and Bureau of Meteorology (2007) statement illustrating the focus on the spread across the
ensemble to produce probabilities: the figure shows the probability (%) of annual rainfall reduction exceeding various thresholds by the end of the century relative to 1990
based on the spread within the CMIP3 archive. In this release the low, mid and high emissions refer to B1, A1B and A1FI SRES scenarios respectively.
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have been presented alongside GCM results, or that qualitative
information from the results of downscaling is given in a targeted
manner to complement GCM results. In CSIRO (2001) the results of
a regional model simulation from DARLAM were combined with
GCMs with equal weighting. The DARLAM model was not used
again because its development was discontinued. Also, the
approach of equally weighting GCM and downscaled simulations
has not been used again since it is combining two sources of infor-
mation that are not independent and not entirely compatible.
In 2015, simulations from dynamical downscaling using the
Cubic Conformal Atmospheric Model (CCAM) of McGregor (2005)
and statistical downscaling using the Bureau of Meteorology Sta-
tistical Downscaling Model (BoM-SDM) of Timbal and McAvaney
(2001) were produced and considered alongside GCM results. The
main focus was on regional rainfall projections and downscaled
information was highlighted where there was a reason to expect
added value (such as over complex topography), or in regions
where the downscaling produced distinct projections from GCMs.
Results from downscaling are put in context with GCMs, and their
projections are available to be used for an impacts study if it pro-
vides a projection not present in the GCM ensemble and there are
no reasons to discount the downscaled simulation. Additionally,
various regional studies primarily based on downscaling since
2007 were examined and contextualised in the 2015 national pro-
jections. These include Climate Futures for Tasmania (Grose et al.,
2010), and the NSW and ACT Regional Climate (NARCLIM) project
(Evans et al., 2014).
As well as revealing regional-scale insights into the climate
change signal, dynamical and/or statistical downscaling can be
used to produce outputs that are more similar to observations than
GCMs for use in impacts and applied research. This has never been
a large part of Australian national products, which have primarily
used simple scaling or quantile scaling of observed datasets to pro-
duce application-ready datasets, but it is an emerging issue driven
by client demand.
How to use downscaling in Australian projections has been a
perennial issue, and its limited use and use only as a complemen-
tary information source alongside GCMs has been a source of some
tension. But it is likely that a trend to greater use will emerge oncedownscaling ensembles become available that comprehensively
sample expected downscaling uncertainty.
3.12. Presenting projection information
Various methods have been used to present the projected
changes. Having formed ranges of change, one could show maps
of the ensemble mean change and some measure of the spread of
the change (common in IPCC, e.g. Meehl et al. (2007b)). In the
1992, 1996 and 2001 projections, CSIRO eschewed this approach
and chose a method that emphasised the range of change (see
Fig. 1 for the 1992 product example) rather than the mean. This
was done by giving ranges of change for each of a set of regions illus-
trated in a map, with these regions being chosen so that a similar
range of projected change applied across that region (see Fig. 2 for
a 2001 product). The 2007 statement used a very different approach
in which selected statistics (e.g. the 10, 50 and 90 percentile values
of a PDF) were presented as maps. The 2015 product returned to 10,
50 and 90 percentile values for regions as the primary communica-
tion tool (although the regions were not defined by the model
results but corresponded to geographical regions used in natural
resource management). The range of change expected through nat-
ural variability was marked on many plots for reference (Fig. 4).
There has been a tension over the years between these two
broad approaches. Maps provide the greater regional detail that
many users desire and allow users to read values for specific loca-
tions of interest. However, regional-average values allow the spa-
tial detail to be limited to no finer than is judged scientifically
credible. A disadvantage of presenting extremes of the distribution
as a map (and particularly over continental scale regions) is that
this pattern of change may present an implausible scenario, as dif-
ferent models have contributed to different parts of the pattern.
The desire to give greater emphasis to the extremes of the distribu-
tion, while not presenting the extreme case as a map led to (CSIRO,
2001) using a novel communication method in which areas with
similar ranges had the same colour (see Fig. 2). However many
users had difficulty with interpretation of these maps and this for-
mat was not re-used.
A key tension has also been the extent to which the ensemble
average (or median) is emphasised relative to the extremes of
Fig. 4. Example of the presentation of rainfall projections from the CSIRO and Bureau of Meteorology (2015) release showing the focus on ranges of change from CMIP5 as bar
charts for discrete regions within Australia: the figure shows 10th, 50th and 90th percentile of the 39 CMIP5 models in projected rainfall change (%) by 2090 for each calendar
season for each ‘sub-cluster’ of Australia (shown in the map). The paler colours indicates the 10th to 90th percentile expected from natural variability. See CSIRO and Bureau
of Meteorology (2015) for further explanation of the figure and a legend of the codes for the sub-cluster regions. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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by the 2001 statement (see Fig. 2) in which the median was absent
in all presented material and only the extremes of the range were
show, and the 2007 statement where the median projection pre-
sented in all cases and highlighted in some. In the 2015 statement,
the median was presented but de-emphasised in the case of rain-
fall change. By the time of the 2015 product, the approach was
to highlight the median only when the direction of projected
change was clear.
3.13. Role of expert judgment and peer-review
As noted above, in CSIRO’s projections statements from 1987 to
1991, expert judgment, including a review of the literature and
previous work, played an important role in constructing projectedranges of regional climate change. However, for all CSIRO state-
ments since 1992, quantitative ranges of change were calculated
directly from results of the model ensemble. Since 1992, expert
judgment has been used in the interpretation and communication
of climate model results, and in 2007 and 2015 it was used in an
assessment of confidence in the ranges of change, the importance
of uncertainties not captured within the model range and how best
to present the results. Also, the possibility projected changes not
simulated by models, including the high impact possibilities such
as the reaching of tipping points and thresholds, were noted in text
of reports.
One critical decision has been whether, for a particular variable,
only qualitative projection information should be provided (i.e.
direction of change) rather than quantitative ranges of change. This
was done when confidence was low in the magnitude of change. As
Fig. 5. Timeline of IPCC reports and Australian climate projections statements. IPCC FAR is the First Assessment Report (IPCC, 1990), IPCC Suppl. is the Supplementary Report
(IPCC, 1992), IPCC SAR is the Second Assessment Report (IPCC, 1995), IPCC TAR is the Third Assessment Report (IPCC, 2001), IPCC AR4 is the Fourth Assessment Report (IPCC,
2007), and IPCC AR5 is the Fifth Assessment Report (IPCC, 2013b).
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tatively increased in the projections statements, although this
was also influenced by data availability. In the 2015 projections,
expert judgment becamemore prominent as it played a formal role
in the process of the assigning of confidence ratings to all key find-
ings. This allowed multiple lines of evidence to contribute to the
key findings in a more transparent way, and followed the IPCC
guidelines. However, the use of expert judgment remains an area
of tension, generated by the need to find an appropriate balance
between being able to synthesise diverse relevant information,
and transparency of approach.
Internal and external review processes were used to different
degrees in the projections statements. From 1990 to 2001, internal
review was undertaken by CSIRO and the Australian Greenhouse
Office, without external peer-review. The 2007 and 2015 state-
ments involved internal review by CSIRO, BoM and the Australian
Greenhouse Office (Department of the Environment in 2015), in
addition to external peer-review. The latter added an important
level of quality and credibility to the statements. Hence there has
been a trend towards increased emphasis on peer-review.3.14. Links to IPCC
As can be seen from the discussion above, close links existed
between the projections statements and the various assessment
reports of the IPCC. In terms of timing, CSIRO’s products were
released shortly after each IPCC report (usually within a year –
see timeline in Fig. 5). In each case, the emission scenarios used
in the projections were the same as those used in the immediately
preceding IPCC report. In the 1992, 1996, 2001 and 2007 projec-
tions, the corresponding IPCC global warming projections were
also critical elements of the regional projections, as they were used
for pattern scaling.
The GCM ensemble used in the 2007 and 2015 projections
statements was the same ensemble used in the corresponding IPCC
reports (AR4 and AR5, respectively). In 1992, 1996 and 2001, there
was a strong correspondence between the simulations used in cor-
responding IPCC Reports, but in some cases the Australian projec-
tions used additional model simulations, or some older simulations
deemed relevant. In those years, the IPCC itself was more oppor-
tunistic in its ensemble development and the systematic approach
mediated by CMIP had not yet been established.Finally, the assessment reports of the IPCC influenced the regio-
nal projections statements in other ways, such as methodology,
terminology (e.g. ‘scenarios’ versus ‘projections’), and through its
assessment of relevant issues dealt with only qualitatively in some
projections statements (e.g. the El Niño Southern Oscillation, trop-
ical cyclones, sea level rise, ocean acidification). Some specific pro-
jection methods differed from the IPCC reports as well, such as the
use of the 10–90th percentile model range to display results in
2015, in contrast to the 5–95th percentiles used in the IPCC fifth
assessment report. The 10th to 90th percentile range was chosen
to maintain consistency with the 2007 projections product, and
to minimise the effect of large outliers (see Section 3.10).
4. Concluding discussion
Regional climate projections are highly desirable sources of
information for many stakeholders involved in adaptation plan-
ning and implementation. Therefore, climate projections represent
a balance between science, policy and decision-making (Hulme
and Dessai, 2008), and their effectiveness needs to be judged in dif-
ferent ways than just scientific merit. Their credibility depends
upon fundamental understanding of the climate system, but also
rational inferences about the likelihood of future events based on
incomplete information. Credible climate projections also depend
upon multi-disciplinary inputs, such socio-economic assumptions
and modelling behind the emission scenarios. Since projections
are primarily for use in awareness-raising and impact assessment,
their success also depends upon being usable and salient to various
applications. Through the last 25 years and various generations of
Australian climate projections statements, there has been a range
of external influences that affected their production and use. There
have also been perennial issues to deal with, some trends through
time and certain tensions that arise again and again.
Climate models and emission scenarios underpin quantification
of the climate change response, and the different aspects of their
use remains a perennial issue in climate projections. Emission sce-
narios are an inevitable requirement in projections, and their real-
ism and plausibility are key to the credibility and relevance of
projections. Also, the need for various scenarios is a communica-
tion challenge to those who ideally desire a single view of the
future. Models are imperfect tools for gauging the climate
response, and ensembles of models are often ad hoc (an ‘ensemble
of opportunity’). This means there is a gap between what a model
12 P.H. Whetton et al. / Climate Services 2–3 (2016) 1–14ensemble produces and the ‘real world’, a gap that is impossible to
fully quantify but is useful to explore and describe as much as
possible.
There has been a trend through time towards the use of more
models and away from various scaling techniques. There has been
a move away from explicitly depicting climate sensitivity, and a
move towards describing results for each emission scenario rather
than grouping results. The proliferation of models has partly driven
this change, as it means there is enough results that the projected
change for each scenario can be expressed as the model range of
change, which implicitly represents a range of climate sensitivities.
There has also been a trend towards wider scope in terms of scien-
tific content, data delivery and user interface, as well as greater
content in statements over time, partly reflecting the increasing
range and sophistication of users.
There are several notable tensions in this work, driven partly by
the role of projections at the nexus of science, policy and decision-
making. This tension between credibility and salience underpins
various issues in the production and representation of results.
These include the depiction of a single projection (often the
multi-model mean or median) compared to ranges of change and
the use of detailed maps (including downscaling) compared to
ranges and distributions for given areas. The Australian projections
have varied in their stance along these two spectra through time.
Also, when giving maps and datasets there is then the tension of
what spatial resolution to use. Finer resolution is desired by users
and makes the outputs more relevant to the impact assessment,
but may give a false sense of confidence or precision in the projec-
tions. The emerging tension about how to use probabilistic projec-
tion information also concerns balancing user interests and
ensuring the science and its uncertainties are correctly conveyed.
Other tensions lie more in striking the right balance between
scientific considerations, such as making the most use of model
evaluation results while not excluding plausible future climates,
and using expert judgment while maintaining transparency.
Climate projections will continue to evolve, with improvements
in knowledge of the climate system, climate models, projection
products and services. Certain trends may not continue and may
in fact reverse, such as the trend to wider scope and increased
sophistication of communication products. Simpler and more
concise products, or the targeting of projections for particular
applications may be of greater importance. The emerging area of
multi-year to decadal climate prediction holds the prospect of
closing the key gap between the annual and the multi-decadal
scales. This will present new challenges for the practice of climate
projection development and delivery.
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